The standard protocol to evaluate the carcinogenic potential of chemicals is the long-term bioassay in rodents, not performed in developing countries due to its high cost and complex operational procedures. Our laboratory has established an alternative medium-term bioassay in Wistar rats, also called DMBDD assay, based on the paradigm initiation/promotion of chemical carcinogenesis. This method was accepted by the Brazilian Environment Agency (IBAMA) as an official source of evidence of carcinogenicity. The aim of this study was to evaluate alterations in exons 5 to 8 of the tumor suppressor gene TP53 and exons 1 and 2 of oncogenes K-RAS and H-RAS in neoplastic and preneoplastic hepatic lesions observed in DMBDD assay. The characterization of these alterations may contribute to the recognition of patterns of damage in critical genes, as well as to suggest mechanisms of action of the compounds tested in the protocol. Sixty male Wistar rats were separated into 3 groups: the first was treated with no chemicals; the second received five initiating agents and the third received initiation followed by phenobarbital. Liver DNA samples (obtained from formalin-fixed and paraffin-embedded tissues after histological analysis) were evaluated by the non-isotopic PCR-SSCP technique. No changes in any analyzed exons were detected by the PCR-SSCP banding pattern in all experimental groups. This result suggests that liver mutations in exons 5 to 8 of TP53 and exons 1 and 2 of H-RAS and K-RAS are not among the early molecular alterations occurring in the hepatic carcinogenesis process induced by the DMBDD protocol in male Wistar rats. No mutations found in exons of TP53, H-RAS and K-RAS genes in liver of male Wistar rats submitted to a medium-term chemical carcinogenesis assay Castelli et al.
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resumo
O teste padrão para identificar o potencial cancerígeno de compostos químicos é o estudo de longa duração em roedores, não realizado no Brasil. Nosso laboratório estabeleceu um teste alternativo de média duração (ensaio DMBDD), baseado no paradigma iniciação-promoção da carcinogênese química, adotado pelo Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis (Ibama) como fonte oficial de evidências de carcinogenicidade. Nosso objetivo foi avaliar alterações nos éxons 5 a 8 do gene supressor tumoral TP53 e éxons 1 e 2 dos oncogenes H-RAS e K-RAS em lesões hepáticas neoplásicas e pré-neoplásicas observadas no ensaio DMBDD. A identificação dessas eventuais alterações moleculares permitirá o reconhecimento de um possível padrão de alteração em genes críticos, bem como poderão sugerir mecanismos de ação das substâncias testadas no protocolo DMBDD. Sessenta ratos wistar machos foram separados em três grupos: o grupo I não foi tratado quimicamente; o grupo II recebeu os cinco agentes iniciadores da carcinogênese (DMBDD); o grupo III recebeu a iniciação DMBDD seguida de promoção por Fenobarbital. Amostras de DNA (obtidas após avaliação histopatológica de fígado fixado em formalina e incluído em parafina) foram submetidas à técnica da PCR-SSCP (single strand conformation polymorphism). Não foram detectadas mudanças no padrão de bandeamento da SSCP nos diferentes grupos experimentais em nenhum dos éxons estudados. Os resultados sugerem que, em fígado de ratos Wistar machos, mutações nos éxons 5 a 8 do gene TP53 e éxons 1 e 2 dos genes H-RAS e K-RAS não se incluem dentre as alterações moleculares
precoces do processo de carcinogênese hepática induzido pelo protocolo DMBDD. 
Introduction
Cancer is one of the leading causes of death around the world and industrialized chemicals (e.g., pesticides, food additives, pharmaceutics drugs, industrial solvents and by-products, etc.) are among its known risk factors (13) . Governmental agencies are in charge of regulating the production, distribution, use and elimination of those chemicals, for the benefit of the exposed population and the environment. Chemicals that have carcinogenic potential naturally have to be banned or become under strict regulations for marketing and use.
Currently, the standard protocol to evaluate the carcinogenic potential of chemicals is the long-term bioassay in rodents, not performed in developing countries due to its high cost, long experimental period (about 3-4 years) and complex operational procedures (8) . Consequently, these countries have been dependent on the know-how generated abroad about the chemical carcinogenesis process. Indeed, they have not been able to establish sound processes for the evaluation of the carcinogenic hazards and risks imposed by putative carcinogens. These circumstances point to the necessity of alternative, more convenient and faster procedures for detection of carcinogenic compounds (15) .
Our laboratory has established an alternative mediumterm bioassay based on the initiation/promotion paradigm of chemical carcinogenesis. It was adopted in 1996 by the Brazilian Agency for the Environment (Ibama) as an official source of evidence of chemical carcinogenicity. The Brazilian protocol uses both sexes of the non-isogenic Wistar strain of rats. The initiation step of the carcinogenic process is accomplished by the treatment of the animals with five genotoxic chemicals; afterwards, the animals are treated with at least 3 doses of the test compound. Phenobarbital, a promoter of rodent liver carcinogenesis, is used as a positive control of promotion. Therefore, the assay protocol has three control groups (plain control, control of the initiation step and control of the promotion step) plus the test compound groups (three dose levels). This assay is also called "medium-term bioassay for multiple organs" or DMBDD assay, after the initials of the five initiating agents (8) .
In the latter years our laboratory has been working on the better understanding of the mechanisms underlying the process of carcinogenesis in the DMBDD assay. As it is well known, chemical carcinogenesis is a multistep process in which there is progressive accumulation of DNA damage (20) . At least two types of genes play an important role in neoplasia development: protooncogenes and tumor suppressor genes. These genes act in normal cells controlling proliferation, differentiation and cell death processes (32) . Among them, TP53 and RAS have been widely studied; damage of these genes are critical in the development of neoplasia and can be identified in different stages of the process (27) . There is no enough information about mutations occurring in preneoplastic lesions and in neoplasia found in the DMBDD assay. The characterization of alterations of these genes may contribute to the recognition of damage patterns in critical genes as well as to suggest mechanisms of action of carcinogenic compounds tested in the DMBDD assay.
In the present study we investigated eventual alterations in exons 5, 6, 7 and 8 of TP53 tumor suppressor gene and exons 1 and 2 of K-RAS and H-RAS oncogenes by the PCR-SSCP technique, in neoplastic and preneoplastic hepatic lesions observed in males Wistar rats submitted to the three control procedures of the DMBDD assay. These selected gene regions (whose role in the carcinogenic process has been demonstrated) are highly preserved in the filogenetic chain and are considered hotspots for mutations that can induce malignant transformation and promote tumoral progression.
The PCR-SSCP technique (Single Strand Conformation Polymorphism) consists in amplification of specific DNA sequences by the PCR technique (Polimerase Chain Reaction), followed by heat denaturation in the presence of a denaturating buffer, and polyacrilamide gel eletroforesis (PAGE) (18) . The presence of at least one altered base in the amplified fragment may induce structural changes of the single strand DNA obtained by denaturation, detectable by differential mobility into the polyacrylamide gel. Either mutated and wild-type sequences are amplified by PCR; then, distinct patterns of electrophoretic migration of both sequences may be observed (33) . Reports using this technique have contributed to the better understanding of the genetic alterations in chemically-induced neoplasia (16, 31) .
Material and methods
Experimental design
Sixty male Wistar rats were kept under controlled conditions of light (12 hours light/dark), temperature (22°C ± 2°C) and humidity (55 ± 10%). Food and water Initiating agents in the DMBDD assay Table 1 Castelli et al.
No mutations found in exons of TP53, H-RAS and K-RAS genes in liver of male Wistar rats submitted to a medium-term chemical carcinogenesis assay were provided ad libidum. The animals were separated into three experimental groups of 20 rats each, which are the three control groups of the DMBDD assay (Figure 1 ). Group I (plain control) was not treated with chem2icals during the experiment and Groups II (control of initiation) and III (positive control of promotion) were submitted to subcarcinogenic doses of five initiating agents ( Table 1) . Two weeks after initiation Group II received plain food and water, while Group III received 0.05% Phenobarbital mixed in the diet. At the 30 th week, the animals were submitted to euthanasia and necropsied. Liver samples were formalin fixed, paraffin-embedded, and processed as usual for histological analisys.
DNA extraction and sample preparation
Three slices of about 20µm were obtained from each paraffin block, using a microtome under asseptic conditions, which use is restricted to samples that are submitted to PCR. These slices were placed in microcentrifuge tubes and submitted to deparaffinization with xylene. Dehydration was done in sucessive ethanol gradients and dried at 55°C for 15 minutes. Tissue digestion was done in digestion buffer (TRIS-Cl 50mM pH 8.5 / EDTA 1mM pH 8.0 / Tween 20 0.5%) with proteinase K at 400ng/µL. Samples were incubated at 55°C until total digestion. This was followed by inativation at 96°C for 15 minutes. DNA purification was achieved with CTAB/ Table 2 No mutations found in exons of TP53, H-RAS and K-RAS genes in liver of male Wistar rats submitted to a medium-term chemical carcinogenesis assay Castelli et al. NaCl solution (NaCl 0.87M, CTAB 0.34 M) and ethanol precipitation; drying DNA was resuspended in TE solution pH 8.0 (TRIS-Cl 10mM pH 7.5 / EDTA 1mM). DNA quantification was performed with espectrophotometry; the quality (fragmentation level) was accessed by eletroforesis in 2% agarose gel stained with ethidium bromide.
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PCR protocol to amplify the target sequences
Polymerase chain reaction (PCR)
PCR reactions were performed in a GeneAmp System 2400 Thermocycler (Applied Biosystems, Inc.) in a final volume of 25µl of dNTPs, PCR-buffer, magnesium chloride, DNA polymerase ( Table 2 ) and the specific primers listed in Table 3 .
PCR-SSCP
For SSCP analysis aliquots of the PCR products (6µl) were mixed with 6µl of denaturing buffer (EDTA 10µM pH 8.0 / Bromophenol Blue 0.025% / Xylene Cyanole 0.025% / Formamide 98%) for a total volume of 12µl. The mixture was heated at 95°C for 10 minutes, and immediately kept at 4°C. The total volume was applied in a 7% or 14% polyacrylamide gel, according to the assay protocol. The eletrophoresis was performed in TBE buffer (TRIS 100 mM, Boric Acid 9mM, EDTA 1mM) during 51/2 hours (7% polyacrylamide) or 12 hours (14% acrylamide) in 100V and temperature controled of 6°C. After electrophoresis, polyacrylamide gel was stained as the following: 5 minutes treatment in a fixate solution (Ethanol 10% and Acetic Acid 0.75%), 10 minutes in a silver nitrate solution 0.2%, at least 15 minutes in a developing solution (NaOH 9%, Formaldeid 0.3 %) and 10 minutes in the fixate solution. 
Results
Discussion
Alterations in the TP53 tumor suppressor gene are frequently found in human neoplasia, mainly in colon, prostate and liver tumors (28, 29) . TP53 encodes a 53KDa nuclear phosphoprotein (p53) that acts like homodimers formed by four identical polypeptide chains, acting Table 4 Castelli et al.
Hepatic lesions frequencies (%) found after the 30-week experiment
No mutations found in exons of TP53, H-RAS and K-RAS genes in liver of male Wistar rats submitted to a medium-term chemical carcinogenesis assay Table 3 predominantly as a transcription factor, promoting cell cycle arrest late in the G1 phase or in the G2-S transition (21) . This cellular cycle arrest allows DNA repair before division. Among the genes regulated by TP53 are p21 WAF 1 / Cip1 / Sdi1 , GADD45, MDM-2, BAX and IGF-BP3 (24) . Although as a general rule tumor suppressor genes lose their function when both alleles are disrupted, alteration in a single allele of the TP53 gene is enough for functional deficiency of its products, because interaction between mutated and wild-type chains of the TP53 product builds tetrameric protein hybrids, enable to bind appropriately to DNA, what damages the transcriptional function played by the p53 protein (7).
Primers to amplify exons 5, 6, 7 and 8 of TP53 gene and exons 1 and 2 of H-RAS and K-RAS genes
RAS oncogenes were first discovered in a murine retrovirus associated to Harvey (H) and Kerstein (K) sarcomas. A third gene was detected in human neuroblastomas (N-RAS) (10) . They encode homologous proteins with 21 KDa, namely p21 RAS , which play a role as regulators of intracellular function related to signal transduction (30) . P21 RAS is associated with the inner surface of the cell membrane and has homology with members of the G protein family. It has intrinsic GTPasic activity (3) , that is lost when the RAS becomes mutated, promoting continuous propagation of proliferating signals and continuous cellular division (30) . The PCR-SSCP technique is considered a simple and efficient methodology for screening altered DNA sequences (18) . It is based on the evaluation of different electrophoretic migration patterns of the single-strands DNA obtained by denaturation of PCR products into an polyacrylamide gel (11) . Although it was first described using radioactive primers ("hot-SSCP"), we used an alternative non-isotopic protocol, considered more sensitive than the original one (19) . Although there are many reports using this technique (5, 26) , it is important to point out that PCR-SSCP has limitations, independently on the protocol adopted, and should be preferentially used to detect point mutations that can be further studied by DNA sequencing methods (9, 12) .
In the present study no altered banding patterns were detected by PCR-SSCP in each of the evaluated exons of TP53, K-RAS and H-RAS genes in the different experimental groups studied. These results are in accordance with other studies in the literature (14, 17, 23, 25, 27) , as discussed below.
Some authors suggest that the rat liver is resistant to TP53 mutations caused by chemical agents. It has been reported total absence of TP53 mutations in rats exposed to aflatoxin B1 (AFB1), a finding with no correspondence in humans, once about 50% of human tumors associated to AFB1 exposure present mutations in the TP53 gene (6, 14, 25) .
By the other side, Ruggeri et al. (1991) , using a radiation model of mouse skin cancer, observed significant alterations in the TP53 gene in the latter stages but not in the early stages of papiloma development (23) . Similar results were found by Kress et al. (1992) in tumors induced by UV radiation: no alterations were found in papilomas, but significant mutations were detected in carcinomas (17) . Taken together, these data suggest that alterations in TP53 gene are not necessarily limited to the initiation or promotion stages of carcinogenesis and probably occur late in the carcinogenic process (27) .
Alterations in the RAS family genes are commonly found in chemically induced experimental tumors (1, 4) . However, although Richmond et al. (1996) demonstrated increased expression of p21 RAS in hepatocytes from rats treated with DEN and Phenobarbital (when compared to hepatocytes of non-treated animals or only initiated ones), mutations of the coding genes were not frequently detected (22) . This seems analogous to what has been observed for the TP53 gene, i.e., mutation in the gene cannot be always indirectly demonstrated by the increased expression of its product. The absence of mutations in the H-RAS and K-RAS as registered in the present study fits data in the literature that suggest that the occurrence of mutations in these genes is influenced by the chemical carcinogen used in the experiment (2) .
The efficiency of the chemical carcinogenesis protocol used (DMBDD) was demonstrated by the increased frequency of preneoplastic lesions and benign neoplasia in the initiated (Group II) and initiated/promoted groups (Group III), when compared to the non-treated group (Group I). Due to the small number of malignant neoplasia found in this study, nothing can be assured about mutation frequency in advanced lesions. Therefore, our results suggest that liver mutations in exons 5, 6, 7 and 8 of TP53 gene and exons 1 and 2 of H-RAS and K-RAS genes are not among the early molecular alterations occurring in the hepatic carcinogenesis process induced by the DMBDD protocol in male Wistar rats. The eventual role of the studied genes should be further investigated in the late progression stage of lesions induced by the DMBDD protocol. Although PCR-SSCP is a sensible technique and can be properly used to screen small mutations in an heterogeneous cell pool, DNA sequencing may confirm the present results.
